screening for LS and communication of screening results with family members was not associated with high risk factors. This study indicates that patients are interested in being screened for LS and that sharing information on the risk of LS with at-risk family members is not a significant barrier. These findings provide novel insight into patient perspectives about screening for LS and can guide successful implementation of universal screening programs.
Introduction
Lynch syndrome is an autosomal dominant cancer disorder that accounts for roughly 3% of colorectal cancer (CRC) cases and 2% of endometrial cancer cases [1] . Lynch syndrome is due to germline pathogenic variants in the DNA mismatch repair (MMR) genes MLH1, MSH2, MSH6, or PMS2 [2, 3] . Deletions in EPCAM, which result in methylation of MSH2, are also associated with Lynch syndrome [4] . Patients with Lynch syndrome have an estimated lifetime risk of CRC of 30-75% for men and 25-50% for women; women also have an estimated 30-40% lifetime risk of endometrial cancer [5] . In addition, patients with Lynch syndrome are at an increased risk for other cancers, including those of the stomach, ovary, small bowel, and urinary tract [6] . The morbidity and mortality rates of Lynch syndrome-associated cancers can be moderated by more frequent cancer surveillance protocols and risk-reducing surgery [5, 7] . However, implementing such interventions relies on adequate diagnosis of individuals and families with Lynch syndrome.
Abstract Universal screening for Lynch syndrome (LS) among all cases of colorectal cancer (CRC) could increase the diagnosis of LS and reduce morbidity and mortality of LS-associated cancers. Given universal screening includes all patients, irrespective of high risk factors such early age at onset or family history of CRC, it is important to understand perspectives of all patients and not just those at high risk. As part of a study to assess the feasibility and implementation of universal screening, 189 patients newly diagnosed with CRC were surveyed about their interest in screening for LS and communication of results with at-risk family members. Overall, participants responded positively regarding screening for LS, with most wanting to know their genetic risks in general (86%) and risk of hereditary CRC (93%). Prior to receiving screening results, most participants stated they intended to share their screening results with parents (89%), siblings (96%), and children (96%). Of the 28 participants who received a positive LS screening result, 26 (93%) reported sharing their result with at least one first-degree family member. Interest in Typically, assessment for Lynch syndrome involves an initial screen of tumor tissue for the presence of MMR deficiency, either via testing for microsatellite instability (MSI) or immunohistochemistry (IHC) to detect the absence of one or more of the MMR proteins [1] . Patients with an MMR-deficient tumor in the absence of a somatic cause (e.g., BRAF mutation or MLH1 promoter hypermethylation) can then undergo genetic counseling and germline testing to confirm a diagnosis of Lynch syndrome [1] .
Selective criteria based on factors such as a family history or early age of onset (prior to age 50) of CRC or other Lynch syndrome-associated cancers have been used previously to limit Lynch syndrome screening only to high risk groups [8] [9] [10] [11] . Risk assessment algorithms such as PREMM 1, 2, 6 , MMRpro, and MMRpredict are tools to support selective screening programs [12] [13] [14] . However, selective screening will miss cases of Lynch syndrome for reasons such as limited or unreliable family history information or because not all individuals with Lynch syndrome meet high risk criteria [15, 16] . Moreover, not all individuals who meet high risk criteria undergo evaluation for Lynch syndrome [17] [18] [19] [20] [21] .
Alternatively, universal screening of all newly diagnosed cases of CRC, regardless of age of onset and family history, is an approach recommended by multiple expert guidelines to increase the identification of Lynch syndrome cases [22] [23] [24] [25] [26] . Some guidelines also recommend screening all newly diagnosed cases of endometrial cancer [27] . However, the effectiveness of any screening protocol relies on patient response to receiving screening information, including following-up with genetic counseling and testing to confirm a diagnosis of Lynch syndrome, and, for those diagnosed with Lynch syndrome, sharing this information with at-risk relatives so they too can undergo genetic testing.
This study assessed perspectives on screening for Lynch syndrome among a population of CRC cases not selected based on high-risk factors. Surveys were used to assess patients' interest in obtaining information on genetic risk and screening for Lynch syndrome. In addition, patients were asked regarding their intent to share their MSI screening results with at-risk relatives and motivations and potential barriers to this communication. Though the ultimate goal of universal screening is to confirm cases of Lynch syndrome among those that screen positive and communicate those results to at-risk relatives, understanding communication with at-risk relatives among all newly diagnosed patients with CRC, regardless of screening result, provides a general sense of whether family communication will likely pose as a potential barrier among an unselected population. Understanding patient perspectives on screening and potential barriers in family communication, as well as patient characteristics that might be associated with these outcomes (e.g., sex/gender or age), will guide the successful implementation of universal screening programs.
Materials and methods

Recruitment
Kaiser Permanente Northwest (KPNW) is an integrated health care system that covers roughly 550,000 members in northwest Oregon and southwest Washington. Study recruitment has been described previously [28] . Briefly, study participants were KPNW members newly diagnosed with CRC who had been scheduled for surgical treatment from January 2012 through December 2015. Inclusion criteria were an age of 18 years or older, English-speaking, no known cognitive impairment (e.g., Alzheimer disease), not in hospice, no prior contact with the genetics department for screening for hereditary CRC screening, and no prior screening for or diagnosis of Lynch syndrome. Eligible patients who consented to participate were enrolled and a tumor sample was submitted for a screening test for MSI. Tumors with high MSI (MSI-H) were submitted for IHC testing for the absence of MMR protein expression and, when relevant, MLH1 hypermethylation and BRAF variant analysis to rule out sporadic cases. Germline mutation analysis of genes lacking expression based on IHC results was performed in cases lacking MLH1 hypermethylation and the BRAF V600E variant. Participants also completed questionnaires regarding MSI screening and Lynch syndrome. The protocols and consent forms for recruitment were approved by the Institutional Review Board at KPNW.
Surveys and genetic counseling
Two surveys were administered to assess participants' attitudes and perspectives on screening for Lynch syndrome. In addition, participants with a screening result of high MSI (MSI-H) had a session with a genetic counselor.
Survey 1 assessed patients' attitudes towards MSI screening for Lynch syndrome prior to receiving their MSI results. Patients were asked about their knowledge of screening for Lynch syndrome prior to enrollment in the study and to choose between three responses: "almost nothing," "a fair amount," or "a lot." Participants were then asked to respond to a variety of questions regarding their attitudes on genetic screening and testing, interest in understanding why they developed CRC, perceived barriers and benefits to Lynch syndrome screening, and perceived susceptibility to Lynch syndrome. Responses to these questions were coded using a 5-point Likert-type scale ("strongly disagree," "disagree," "neither agree nor disagree," "agree," and "strongly agree"). For analyses, these responses were consolidated to a 3-point scale, combining "strongly disagree" with "disagree" and "strongly agree" with "agree." Participants were also asked to indicate whether they planned to share their results with family members. The responses were coded as a 5-point Likerttype scale ("not at all likely," "neither likely nor unlikely," "somewhat likely," "very likely," and "not applicable"). For analyses, these responses were consolidated to a 3-point scale, combining "somewhat likely" with "very likely." At this time, participants were also administered the Genetic Risk Easy Assessment Tool (GREAT) to obtain information from patients regarding cancer types and age of diagnosis of themselves and relatives and create an extended pedigree [29] .
All participants with a result of MSI-H were contacted by a genetic counselor to discuss the screening result, provide information on Lynch syndrome, and offer additional testing to confirm or exclude a diagnosis of Lynch syndrome. Participants were also told that if they did have Lynch syndrome, their first-degree family members would have a 50% risk of also having the syndrome and could also receive genetic counseling and testing through their healthcare provider. Participants who received an MSI-H result were also offered additional screening by genetic counselors to confirm a diagnosis of Lynch syndrome. Those who underwent germline genetic testing and were found to have a pathogenic variant associated with Lynch syndrome had genetic counseling sessions in the Genetics department to discuss the results and to facilitate the communication of these results with their at-risk relatives.
Survey 2, given to all participants who received an MSI-H result, was administered 4-6 months after the return of screening results. The goal was to assess patients' perspectives and communication with family members in response to receiving a positive screening result for Lynch syndrome. Participants were asked whether they shared their screening results with at-risk relatives, including parents, siblings, and children. Those who did were asked if they are aware of specific actions that their relatives had taken ("saw a medical provider," "made family planning decisions," "got colon cancer screening," "got other cancer screening," and "sought genetic counseling"). Patients were also asked how important certain reasons were for wanting (or not wanting) to share their screening results with family members; responses to these questions were coded on a 5-point Likert-type scale ("not at all important," "slightly important," "somewhat important," "important," or "very important"). For analyses, these responses were consolidated to a 3-point scale, combining "very important" with "important" and combining "slightly important" with "somewhat important."
The surveys were based on existing questions in the literature and were pilot tested in the beginning of the study among a small number of patients who had been scheduled for a colonoscopy procedure in order to obtain the perspectives of potential participants. Revisions to the wording and order of the questions were made based on feedback during this pilot testing.
Statistical analysis
In primary analyses, we assessed whether patient demographic characteristics (age at the time of survey, selfreported sex, annual household income, level of education, and self-reported race/ethnicity) were predictive of survey responses. Age was applied as a continuous variable; the remaining predictors were categorical. Survey responses with dichotomous responses were modeled using logistic regression. For surveys with three possible responses (e.g., "strongly agree" or "agree", "strongly disagree" or "disagree", and "neither agree nor disagree") ordered logistic regression was applied. If the odds were not proportional across all levels of responses, a multinomial logistic regression was modeled. To account for multiple testing, a p-value of 0.01 was used as the threshold to indicate statistical significance. Thus, the results of these models are presented as odds ratios (ORs) and 99% confidence intervals (CIs).
In secondary analyses, we explored whether patient clinical characteristics and family history were predictors of survey responses. These predictors were added individually to the models described above. Clinical characteristics included the American Joint Committee on Cancer (AJCC) stage of the current CRC occurrence and any prior cancer diagnosis (CRC or any other cancer, not including non-melanoma skin cancer). Prior cancer diagnoses were obtained from both self-report by participants and diagnoses recorded by the KPNW tumor registry. Family-specific variables included a family history of CRC (defined as the number of first-, second-, and third-degree relatives diagnosed with CRC at any age as reported by the participant), the number of living children, and the number of all living first-degree relatives. We also considered additional factors such as perceived risk of Lynch syndrome and number of benefits and barriers to screening for Lynch syndrome endorsed by participants, as described previously [28] . Briefly, 85% of participants endorsed 6 or more of 8 potential benefits (e.g., "I want to know that I have a possible risk of hereditary CRC," "I would like my doctor to have access to the most up to date technology," and "I would like to learn new information that could benefit my family"), while 89% endorsed 4 or fewer of 9 potential barriers ("I do not trust modern medicine," "I am worried about losing my health insurance," and "I do not have a family history of CRC,") of screening for Lynch syndrome. SAS V9.1 was used for all statistical analyses.
Results
Study population
The study population in the current analysis consisted of 189 participants who consented to participate and completed Survey 1 ( Fig. 1; Tables 1, 2 ). Of those with a definitive MSI result, 76.7% (n = 125) had a result of low or stable MSI and 23.3% (n = 38) had a result of MSI-H. The remaining 26 patients did not have a tumor sample sufficient for an MSI screening test. Of the 38 patients with a result of MSI-H, 2 died before Survey 2 could be administered, 4 could not remember receiving their MSI screening results and therefore could not complete Survey 2 and 4 were lost to follow-up. Thus, we obtained Survey 2 data for 28 participants with a result of MSI-H.
Most participants (n = 112, 61.6%) had a diagnosis of Stage I or II CRC cancer, 38 (20.2%) had a prior diagnosis of any cancer, and 3 (1.6%) had a prior diagnosis of CRC specifically. Due to the low number of prior CRC diagnoses, this variable was not used as a predictor in subsequent statistical models. 
Prior knowledge of MSI screening
Five participants (2.7%) had any prior knowledge regarding an MSI screening test for Lynch syndrome. Prior knowledge was not statistically significantly associated with any demographic, clinical, or family history variables.
Attitudes about genetic screening and screening for Lynch syndrome
Overall, participants responded positively to receiving information on genetic risk (Fig. 2) . Specifically, most wanted to be screened for genetic conditions (n = 138, 73.8%) and learn their genetic risks (n = 161, 85.6%). In addition, most participants wanted know if they were at risk of hereditary CRC (n = 175, 92.6%) and to understand why they developed CRC (n = 174, 93.0%).
Attitudes regarding screening were associated with perceived risk for Lynch syndrome. Participants who worried that they carried a mutation for Lynch syndrome were more likely to want to be screened for genetic conditions (OR 1.94, 1.08-3.49). Not surprisingly, participants who endorsed more benefits of Lynch syndrome screening were more likely to want to be screened for genetic conditions (OR 4.40, 2.56-7.57), find out about their genetic risks (OR 4.18, 2.16-8.09), know their risk of hereditary CRC (OR 5.37, 2.02-14.31), and understand why they developed CRC (OR 2.25, 1.33-3.82). Conversely, participants who endorsed more barriers to Lynch syndrome screening were less likely to want to be screened for genetic conditions 
Sharing results with at-risk relatives
Prior to receiving their MSI screening results, participants were asked in Survey 1 to select the likelihood that they would share their results with family members (Fig. 3) Participants who received a result of MSI-H and completed Survey 2 (n = 28) were asked whether they actually shared their results with family members (Fig. 4) . For the most part, participants were consistent about whether they expected to share results and actually did. Two participants had not shared their results with any family member; one had reported three living children but had not shared their results at the time of Survey 2, and one reported not having any living parents, siblings, or children. We also provided potential reasons for sharing the screening result with family members and asked how important each reason (Fig. 5) . Most participants agreed it was important or somewhat important to share the results so their relatives could do something to reduce their risk for cancer (n = 22, 78.6%), that they had a responsibility to let their relatives know they may be at higher risk of CRC (n = 25, 89.3%), and so that their relatives could make family-planning decisions (n = 20, 71.4%). We also provided potential reasons for participants not wanting to share screening results with family members and asked how important these reasons were (Fig. 6 ). Few were concerned that relatives would worry about getting colon cancer (n = 3, 10.7%) or that talking about CRC would hurt their relationship (n = 1, 3.6%). None of the participants indicated that having to talk to a relative that they preferred not to talk to or not feeling emotionally close to their relatives were barriers to sharing results.
Actions taken by at-risk relatives
Participants who received an MSI-H result and indicated they had shared this screening result with relatives were asked on Survey 2 if they knew what actions their relatives had taken. Most participants were not aware of what actions relatives had taken. Of the 21 participants who reported sharing their results with siblings, three (one of which received a diagnosis of Lynch syndrome, see Case 2 below) had at least one sibling who underwent CRC screening (e.g., colonoscopy) and two (one of which received a diagnosis of Lynch syndrome, see Case 3 below) had at least one sibling who saw a health care provider to discuss the information. Of the 21 participants who shared their results with their child(ren), two indicated that their child(ren) underwent CRC screening and two others saw a health care provider to discuss the information. One participant, who received a diagnosis of Lynch syndrome (see Case 3 below), indicated that their child(ren) planned to get genetic testing at a later time, while another indicated that their child(ren) were delaying CRC screening. Actions taken by other relatives were unknown.
Participants with confirmed diagnoses of Lynch syndrome
Of the 38 participants who received an MSI-H result, 35 were interested in additional testing to confirm a diagnosis of Lynch syndrome. Of these, 2 passed away before followup could be completed and 23 were found to be positive for a BRAF variant and/or MLH1 hypermethylation, indicative of sporadic CRC. The remaining 10 participants were referred for genetic testing, and pathogenic variants associated with Lynch syndrome were confirmed in 6 with results returned by a genetic counselor who facilitated the participant sharing of this diagnosis with at-risk relatives. Case 1 had no living siblings to inform and it is unknown if the participant contacted the single living parent; however, the only living child of the participant was present during the genetic counseling session and intended to pursue genetic testing. Case 2, who had no living parents, followed up with the genetic counselor after receiving results to share that both siblings and both children had been informed of the diagnosis of Lynch syndrome. At least one sibling underwent a colonoscopy soon after being told about the diagnosis in the participant. Both parents of Case 3 underwent genetic testing as did the two oldest children; however, the remaining 3 children were too young for genetic testing at the time. The participant informed both sisters with at least one sister planning on undergoing genetic testing. It is unknown if Case 4, who had no living parents, 
Discussion
This study assessed patients' attitudes regarding screening for Lynch syndrome and the communication of screening results with at-risk relatives. Among the 189 patients newly diagnosed with CRC ascertained through the KPNW integrated healthcare system, most responded positively to genetic screening: they wanted to know their risk for hereditary CRC and generally any genetic risks they might have and, even before receiving their screening results, most expressed an intention to share their results with atrisk relatives (e.g., children, siblings, and parents). In addition, most patients who did have a positive screening result shared the finding with at least one first-degree relative, indicating consistency between intention and actual sharing of information. Lastly, most participants endorsed potential reasons for sharing their screening results with family members and did not endorse potential reasons for not sharing the results. Our findings suggest that patients identified through a universal Lynch syndrome screening program are not less likely to share information with their family members compared with patients identified through selective screening of high risk populations that have a high burden of cancer in their family. Leenan et al. recently reported perspectives on sharing diagnosis information with family members among a cohort of 40 families with a history of Lynch syndrome in the Netherlands [30] . Most respondents (73%) indicated that they were satisfied with the approach of relying on index cases to share Lynch syndrome diagnosis information with biological relatives, and 82% agreed that it was the personal duty of the mutation carrier to inform family members. In addition, 92% of respondents indicated that family relations stayed the same or improved following the sharing of diagnosis information. Altogether, these findings suggests that sharing screening results with at-risk relatives will likely not be a significant barrier to cascade testing in families of patients with a diagnosis of Lynch syndrome. However, these results are in contrast with past studies among families with a history of Lynch syndrome which cited barriers to sharing Lynch syndrome diagnosis information with relatives due to lack of closeness, concern that relatives would worry, and concern that the relative would not understand the meaning of the results [31] as well as studies that have indicated that family history impacts family communication about risk [32] .
We were not able to obtain information on what actions these relatives took in response to receiving the screening information. Nevertheless, the 189 participants in this study reported a total of 894 first-degree relatives, 384 of which were their children. These numbers illustrate that a universal screening programs will have broader impact beyond the index cases who are screened as first-degree relatives have a 50% chance of also carrying an MMR mutation. The willingness of these index patients to share their screening results will maximize the impact of such screening programs.
Prior studies have indicated high rates of interest in receiving information on genetic risk among patients with CRC, family members of patients with CRC, and the general population [33] [34] [35] [36] [37] . Our study confirms these findings in the target population for universal screening for Lynch syndrome: patients who have just been diagnosed with CRC and are unselected for risk factors such as family history and age. These results indicate that the timing of screening and the absence of personal or family risk factors are likely not barriers to interest in undergoing screening for Lynch syndrome and the implementation of a universal screening program.
It is important to note that the consent process for this study included providing patients with information on Lynch syndrome, specifically that it is a common inherited cause of CRC, it is associated with an increased risk of CRC and other cancers at a younger age, and screening for Lynch syndrome can inform the future risk of cancer among patients and their family members. Providing this information might have influenced patients' perspective on the importance of undergoing screening and the likelihood of sharing the results with at-risk relatives. Given that a prior study has indicated a lack of understanding of the clinical utility of genetic assessment [38] , universal screening programs should provide educational material to patients that explain the clinical implications of screening and diagnosis.
The survey responses presented in this study may not represent the patient perspectives and experiences of patients newly diagnosed with CRC in general. First, assessment was limited to participants who consented to participate in the study activities including surveys and screening for Lynch syndrome and thus generate a bias towards participants interested in receiving this information. Second, all participants were insured members of KPNW, an integrated healthcare system with access to comprehensive medical services, including genetic counseling. Third, limited information was obtained from participants regarding any clinical actions taken by their family members after sharing their MSI screening results, which may have been improved with additional follow-up time. Lastly, the generalizability of these conclusions may be limited as the perspectives of those who received an MSI-H screening result may be different from those who receive a definitive diagnosis of Lynch syndrome and by the small sample size of participants who received an MSI-H screening result and completed the second survey.
Future studies should focus on the perspectives and family communication among cases with a confirmed diagnosis of Lynch syndrome. The current study assessed these outcomes among cases of CRC unselected for age and family history, irrespective of Lynch syndrome screening results and without confirmation of a Lynch syndrome diagnosis among those who received an MSI-H screening result. In addition, while we assessed communication among first degree relatives, future studies could focus on more distant relatives who may be less likely to be contacted to ensure that all at-risk relatives are informed [30, 31] . In addition, while we attempted to collect information on specific actions that relatives took, our efforts based on report of the index case were not successful. Future studies may need to employ alternative strategies to collect this information in order to assess the specific actions that relatives took in response to receiving the Lynch syndrome diagnosis information from the index patient.
Universal screening for Lynch syndrome among patients newly diagnosed with CRC and endometrial cancer is being increasingly implemented across healthcare systems. Our study provides important information on patients' interest in obtaining information on genetic risk and their willingness to share this information with their family members who might also be at risk. The results of our study indicate a general interest in obtaining information on genetic risk for themselves and their family members, rather than being limited to those with certain patient-specific factors such the the presence of a personal of family history of cancer, number of at-risk relatives (e.g., children), CRC cancer stage, age, or sex.
